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© Optical demultiplexing module, optical multiplexing module and housings therefor. 



© The optical demultiplexing module of the present 
invention includes a square or rectangular housing 
body, a first collimator and a second collimator be- 
ing provided normal to opposing sides of the hous- 
ing body, respectively, a third collimator being pro- 
vided normal to a side of the housing body at right 
angles to the opposing sides, a multiplexer, an op- 
tical isolator and a beam splitter being provided at 
the output end of the optical isolator, the multiplexer, 
the optical isolator and the beam splitter being pro- 
vided in linear alignment, and a reflector mirror be- 
ing provided on the optical axis of the pumping light 
to be admitted into the housing body from the third 
collimator, wherein the second collimator is provided 
on the optical axis of the light passing through the 
beam splitter, the multiplexer is provided on the 
optical axis of the light to be reflected from the 
reflector mirror, and the first collimator on the optical 
axis of the light to be reflected from the multiplexer, 
and the pumping light is admitted into the mul- 
tiplexer at an angle of equal to or no more than 22.5 
degrees. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical de- 5 
multiplexing module, as well as an optical mul- 
tiplexing module that are used with amplifiers in 
fiber optics communication. The invention also re- 
lates to housings for such optical demultiplexing 
and multiplexing modules. 70 

2. Description of the Related Art 

Optical amplifiers capable of direct amplifica- 
tion of optical signals are being the subject of 75 
active development efforts since they can be used 
as repeaters to compensate for the attenuation of 
optical signals due to the transmission loss and 
other factors of optical fibers. Of a particular inter- 
est are optical amplifiers that use rare-earth doped 20 
fibers as amplifying media because of their small 
polarization-dependence and low-noise characteris- 
tics. 

Such optical amplifiers can be implemented by 
two methods; one is by combining rare-earth dop- a 
ed fibers with fiber optics couplers and the other 
by combining the fibers with optical devices such 
as a multiplexer, a beam splitter and an optical 
isolator. The present invention concerns the second 
method of implementation. A conventional system 3c 
that adopts this method is shown in Fig. 9, in which 
signal light is combined with pumping light by 
means of a multiplexer 53 and the combined light 
is admitted into a rare-earth doped fiber 10 (for 
details, see Unexamined Published Japanese Pat- 35 
ent Application (kokai) Hei 4-128718). Another con- 
ventional system uses a prism to combine the 
signal light with the pumping light (for details, see 
C-262 in the Collected Papers Read at the Spring 
Conference of The Institute of Electronics, Informa- 40 
tion and Communication Engineers, 1992). 

If the optical devices used in an optical am- 
plifier are largely dependent on polarization and 
wavelength, the characteristics of the amplifier per 
se are adversely affected to a large extent. To 45 
avoid this problem, the optical devices such as a 
multiplexer and a wavelength selecting filter are 
adapted to admit light at a smaller incident angle or 
otherwise modified so that they have no depen- 
dence on polarization or wavelength. 50 

In the system configuration shown in Fig. 9, an 
optical fiber 51 is mounted at an angle with respect 
to the multiplexer 53 and this is in order to avoid 
the dependence on polarization and wavelength by 
insuring that the angle of incidence 0 on the mul- 55 
tiplexer 53 is sufficiently small. However, it is a 
disadvantage for producing that various optical de- 
vices are fixed so as to inclined with respect to the 
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sides of the housing during the assembling be- 
cause it consumes much times. 

If a prism is used as a multiplexer, other de- 
vices can be fixed in a direction normal to the 
sides of the housing but then a special treatment 
must be conducted on the devices. This contri- 
butes to a high manufacturing cost. 

The conventional approaches have had a com- 
mon problem in that the individual optical devices 
have to be assembled one by one into a single 
housing. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide an optical demultiplexing module and an op- 
tical multiplexing module that permit easy assem- 
bling and adjustment. Another object of the inven- 
tion is to provide housings for such optical demul- 
tiplexing and multiplexing modules. 

An optical demultiplexing module of the 
present invention for admitting pumping light into a 
rare-earth element doped fiber and for passing 
signal light that is amplified in the rare-earth ele^- 
ment doped fiber, comprises: a square or rectangu- 
lar housing body; a first collimator and a second 
collimator being provided normal to opposing sides 
of the housing body, respectively; a third collimator 
being provided normal to a side of the housing 
body at right angles to the opposing sides; a mul- 
tiplexer being provided on the optical axis of signal 
light which is admitted into the housing body from 
the first collimator; an optical isolator being pro- 
vided on the optical axis of the light passing 
through the multiplexer; a beam splitter being pro- 
vided at the output end of the optical isolator, the 
multiplexer, the optical isolator and the beam split- 
ter being provided in linear alignment; and a reflec- 
tor mirror being provided on the optical axis of the 
pumping light to be admitted into the housing body 
from the third collimator; wherein the second col- 
limator is provided on the optical axis of the light 
passing through the beam splitter, the multiplexer 
is provided on the optical axis of the light to be 
reflected from the reflector mirror, and the first 
collimator on the optical axis of the light to be 
reflected from the multiplexer, and the pumping 
light is admitted into the multiplexer at an angle of 
equal to or no more than 22.5 degrees. 

Having the structural features described above, 
both the optical demultiplexing and multiplexing 
modules of the present invention are so adapted 
that pumping light is admitted into the multiplexer 
at incident angles of equal to or no more than 22.5 
degrees and, hence, their dependency on polariza- 
tion and wavelength can be held at consistently low 
levels. 
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Further, signal light is not reflected within the 
housing but travels straight to be launched into or 
pass through the amplifying fiber, hence exper- 
iences small insertion loss. 

In the housing of the present invention, each of 
the collimators is mounted normal to the associated 
side of the housing and, hence, optical devices can 
be assembled and adjusted in the housing by 
simple procedures. 

The invention also provides another housing for 
an optical demultiplexing/multiplexing module hav- 
ing one frame and two blocks. Individual devices 
are assembled and adjusted in each separate block 
and the blocks thus accommodating the necessary 
devices are combined together within the frame to 
complete the dual module. Hence, small optical 
devices can be easily assembled and adjusted 
within a limited space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings; 
Fig. 1 is a schematic diagram showing the con- 
figuration of an embodiment of the optical de- 
multiplexing module of the invention; 
Fig. 2 is a perspective view of the housing for 
the optical demultiplexing module shown in Fig 
1; 

Fig. 3 is a perspective view showing another 
housing for the optical demultiplexing module 
shown in Fig. 1 ; 

Fig. 4 is a schematic diagram showing the con- 
figuration of an embodiment of the optical mul- 
tiplexing module of the invention; 
Fig. 5 is a perspective view of the housing for 
the optical multiplexing module shown in Fig. 4; 
Fig. 6 is a perspective view showing another 
housing for the optical multiplexing module 
shown in Fig. 4; 

Figs. 7a, 7b and 7c are a set of perspective 
views showing the three components of the 
housing for an optical demultiplex- 
ing/multiplexing module according to the inven- 
tion; 

Fig. 8 is a perspective view showing the optical 
demultiplexing/multiplexing module as they are 
assembled into the housing shown in Fig. 7a; 
and 

Fig. 9 is a layout of a conventional optical mul- 
tiplexing module. 



PREFERRED EMBODIMENTS OF THE INVEN- 
TION 



The preferred embodiments of the present in- 
vention will be described referring with the accom- 
panying drawings as follows, in which like elements 
are identified by like numerals and any overlapping 



explanation is omitted. 
Embodiment 1 

5 Fig. 1 is a schematic diagram showing the 

configuration of the optical demultiplexing module 
of the present invention. The module, which is to 
be placed ahead of an optical fiber 1 0 doped with a 
rare earth element such as Er, supplies pumping 
io light into the fiber 10 and passes signal light that is 
amplified in that fiber. 

A first collimator 1 and a second collimator 5 
are provided normal to opposing sides of a square 
or rectangular housing 8, whereas a third collimator 
75 6 is provided normal to a side of the housing at 
right angles to the opposing sides. Each collimator 
is formed by providing a lens either at the top end 
or ahead of the optical fiber and the light passing 
through the lens either remains parallel or con- 
20 verges at the focus. Housing 8 is made of a metal 
such as SUS or a hard plastic material that are 
either cut or extrusion molded to form an integral 
member that has a rugged and stable structure. 
Signal light is admitted into the housing 8 from 
25 the first collimator. 1 and a multiplexer 2 for trans- 
mitting the signal light and reflecting the pumping 
light is provided on its optical axis. An optical 
isolator 3 for passing the light that travels in the 
direction indicated by a thick arrow but blocking 
30 the light in opposite direction is provided on the 
optical axis of the light passing through the mul- 
tiplexer. A beam splitter 4 is provided at the output 
end of the optical isolator for reflecting part of the 
signal light but transmitting the remainder. The 
35 multiplexer 2, the optical isolator 3 and the beam 
splitter 4 are provided in mutual alignment. The 
second collimator 5 is provided on the optical axis 
of the light passing through the beam splitter 4. 
A reflector mirror 7 is provided on the optical 
40 axis of the pumping light to be admitted into the 
housing 8 from the third collimator 6; the mul- 
tiplexer 2 is provided on the optical axis of the light 
to be reflected from the reflector mirror; and the 
first collimator 1 is provided on the optical axis of 
45 the light to be reflected from the multiplexer. 

In accordance with the invention, the multi- 
plexer 2 is so positioned that the angle 9 at which 
the pumping light coming from the third collimator 
6 is admitted into the multiplexer is no more than 
50 22.5 degrees. 

In addition to the above structure, a monitoring 
light-receiving device 9 is provided in the position 
where part of the signal light as reflected from the 
beam splitter 4 crosses a side of the housing and 
55 this enables monitoring 'of the signal light level. 

If the structural design shown in Fig. 1 is 
adopted, none of the collimators nor the monitoring 
device need to be provided at angles with respect 
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to the housing (stated exactly, the monitoring de- 
vice may in certain cases be inclined slightly in 
order to avoid return light due to reflection) and, 
further, the angle 0 at which the pumping light is 
admitted into the multiplexer can be sufficiently 
reduced. As a consequence, the optical demul- 
tiplexing module can be fabricated easily while 
insuring that the optical devices used are less 
dependent on polarization and wavelength. 

Fig. 2 is a perspective view of the housing for 
the optical demultiplexing module shown in Fig. 1. 
The housing indicated by 8 is made of a single 
member in a square or rectangular form and a first 
hollow portion 11 and a second hollow portion 12 
are formed from the top to the bottom surface in 
the central area of the housing. The first hollow 
portion 11 has a first inner surface 13 formed for 
fixing the reflector mirror 7 as it is inclined at a 
predetermined angle. The second hollow portion 12 
has a second inner surface 14 and a third inner 
surface 15 provided for mounting the multiplexer 2 
and the beam splitter 4, respectively, as they are 
inclined at predetermined angles, as well as a 
space into which the optical isolator 3 is to be 
inserted and fixed. A fourth hole 16 is provided 
between the first hollow portion 1 1 and the second 
hollow portion 12 for passing both the signal light 
and the pumping light. 

A first hole 17 and a second hole 18 are 
provided in opposing sides of the housing for 
mounting the first collimator 1 and the second 
collimator 5, respectively, normal to the opposing 
sides, and a third hole 19 is provided in a side of 
the housing at right angles to the opposing sides 
for mounting the third collimator 6 normal to the 
side. 

The first hole 17, the fourth hole 16 and the 
second hole 18 are provided in such a way that the 
signal light emitting from the first collimator 1 
passes through the multiplexer 2, the optical isola- 
tor 3 and the beam splitter 4 to reach the second 
collimator 5 at a point in alignment with those three 
elements. The first inner surface 1 3 and the second 
inner surface 1 4 are adjusted in the angle 0 so that 
the pumping light emitting from the third collimator 
6 is admitted into the first collimator 1 by means of 
the reflector mirror 7 and the multiplexer 2 which 
are to be adhesively fixed on the first and second 
inner surfaces, respectively. 

Fig. 3 is a perspective view showing another 
housing for the optical demultiplexing module 
shown in Fig. 1. The first hollow portion 11 has a 
first inner surface 13* and a second inner surface 
14* formed for mounting the reflector mirror 7 and 
the multiplexer 2; respectively, as they are inclined 
at predetermined angles. The second hollow por- 
tion 12 has a third inner surface 15 provided for 
mounting the beam splitter 4 as it is inclined at a 



predetermined angle, as well as a space into which 
the optical isolator 3 is to be inserted and fixed. A 
fourth hole 16' is provided between the first hollow 
portion 11 and the second hollow portion 12 for 
5 passing the signal light. 

The first inner surface 13* and the second inner 
surface 14' are adjusted in the angle e so that the 
pumping light emitting from the third collimator is 
admitted into the first collimator by means of the 
w reflector mirror 7 and the multiplexer 2 which are to 
be adhesively fixed on the first and second inner 
surfaces, respectively. 

In the housings shown in Figs. 2 and 3, a hole 
20 is provided for mounting an optical monitoring 
75 device 9 in the position where part of the signal 
light as reflected from the beam splitter 4 crosses 
a side of the housing. 

Embodiment 2 

20 

Fig. 4 is a schematic diagram showing the 
configuration of an embodiment of the optical mul- 
tiplexing module of the present invention. The 
module, which is to be placed behind a rare-earth 

25 element doped optical fiber 10, supplies signal light 
both and pumping light into the fiber. 

A first collimator 21 and a second collimator 25 
are provided normal to opposing sides of a square 
or rectangular housing 28, whereas a third collima- 

30 tor 26 is provided normal to a side of the housing 
at right angles to the opposing sides. 

A beam splitter 24 is provided on the optical 
axis of signal light not yet be amplified which is to 
be admitted into the housing 28 from the second 

35 collimator. An optical isolator 23 is provided on the 
optical axis of the light passing through the beam 
splitter. A multiplexer 22 is provided on the optical 
axis of the light passing through the optical isolator. 
The first collimator 21 is provided on the optical 

40 axis of the light passing through the multiplexer 22. 

A reflector mirror 27 is provided on the optical 
axis of the excitation to be admitted into the hous- 
ing 28 from the third collimator 26. The multiplexer 
22 is provided on the optical axis of the light to be 

45 reflected from the reflector mirror. The first collima- 
tor 21 is provided on the optical axis of the light to 
be reflected from the multiplexer. 

In accordance with the invention, the multi- 
plexer 22 is so positioned that the angle 6 at which 

so the pumping light coming from the third collimator 
26 is admitted into the multiplexer is no more than 
22.5 degrees. 

In addition, a monitoring light-receiving device 
29 is provided in the position where part of the 

55 signal light as reflected from the beam splitter 24 
crosses a side of the housing and this enables 
monitoring of the signal light level. 
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Fig. 5 is a perspective view of the housing for 
the optical multiplexing module shown in Fig. 4. 
The housing 28 is made of a single member in a 
square or rectangular form. A first hollow portion 11 
and a second hollow portion 12 are formed from 
the top to the bottom surface of the central area of 
the housing. The first hollow portion 11 has a first 
inner surface 13 formed for fixing the reflector 
mirror 27 as it is inclined at a predetermined angle. 
The second hollow portion 12 has a second inner 
surface 14 and a third inner surface IS provided for 
mounting the multiplexer 22 and the beam splitter 

24, respectively, as they are inclined at predeter- 
mined angles, as well as a space into which the 
optical isolator 23 is to be inserted and fixed. A 
fourth hole 16 is provided between the first hollow 
portion 11 and the second hollow portion 12 for 
passing both the signal light and the pumping light. 

A first hole 17 and a second hole 2 are pro- 
vided in opposing sides of the housing for mount- 
ing the first collimator 21 and the second collimator 

25, respectively, normal to the opposing sides, and 
a third hole 19 is provided in a side of the housing 
at right angles to the opposing sides for mounting 
the third collimator 26 normal to the side. 

The second hole 18, the fourth hole 16 and the 
first hole 17 are provided in such a way that the 
signal light emitting from the second collimator 25 
passes through the beam splitter 24, the optical 
isolator 23 and the multiplexer 22 to reach the first 
collimator 21 at a point in alignment with those 
three elements. With respect to the first inner sur- 
face 13 and the second inner surface 14, the angle 
8 is adjusted so that the pumping light emerging 
from the third collimator 26 is admitted into the first 
collimator 21 by the reflector mirror 27 and the 
multiplexer 22 which are to be adhesively fixed on 
the first and second inner surfaces, respectively. 

A fifth hole 20-1 is provided for mounting a 
monitoring light-receiving device 29 in the position 
where part of the split light as reflected from the 
beam splitter 24 crosses a side of the housing. 

The housing 28 shown in Fig. 5 and the hous- 
ing 8 shown in Fig. 2 have the same structure 
except that the fifth hole 20-1 is positioned on the 
opposite side to the hole 20. Therefore, both of 
these holes may sometimes be provided in a sin- 
gle housing. 

Similarly, the housing 28 for an optical mul- 
tiplexing module in Fig. 6 has the same structure 
as the housing 8 shown in Fig. 3, except that the 
fifth hole 20 is replaced by a fifth hole 20-1. 

Embodiment 3 



In accordance with the present invention, the 
housing for accommodating an optical demultiplex- 
ing module has essentially the same structure as 
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the housing for accommodating an optical mul- 
tiplexing module. Therefore, the housing that is 
adapted for use irrespective of whether the module 
to be accommodated is for optical demultiplexing 
s or multiplexing purposes will now be described. For 
the sake of simplicity, the following explanation is 
directed to the case of an optical demultiplexing 
module. 

Figs. 7a, 7b and 7c are perspective views 
70 showing the structures of the respective parts of 
the housing of Embodiment 3. As shown, the hous- 
ing has a block 31b for supporting the multiplexer 
2 and the reflector mirror 7, a block 31c for sup- 
porting the optical isolator 3 and the beam splitter 
75 4, and a frame 31a having in the central area a 
hollow portion 41 into which the blocks 31b and 
31c are to be inserted and fixed. The frame 31a 
and blocks 31b and 31c are each made of a metal 
such as SUS or a hard plastic material that are 
20 either cut or extrusion molded to form an integral 
member that has a rugged and stable structure. 

As shown in Fig. 7a, the frame 31a has the 
hollow portion 41 formed from the top to the bot- 
tom surface in the central area. The blocks 31b 
25 and 31c are to be inserted and fixed in the hollow 
portion 41. Holes 38a, 38b and 38c are made in 
sides 40a, 40b and 40c of the frame for fixing the 
first collimator 1, the second collimator 5 and the 
third collimator 6, respectively. Holes 38j and 38i 
30 are made in sides 40c and 40d of the frame so that 
monitoring light-receiving devices 29 and 9 can be 
inserted and fixed on those sides normal thereto. 
Accordingly, since these holes 38j and 38i are 
provided, the frame is applicable not only to the 
35 optical demultiplexing module but also to the op- 
tical multiplexing module. Therefore, either one of 
these holes may be omitted if the other suffices. 

As shown in Fig. 7b, the block 31b is cut 
obliquely to the side 42b or 42c and to the side 
40 42d or 42a to form recesses 39a and 39b in which 
the multiplexer 2 and the reflector mirror 7 can be 
adhesively fixed. Alternatively, a cylindrical hole 
may be bored obliquely through the respective 
sides to form the same recesses 39a and 39b. The 
45 inclination at which the sides of the block 31b are 
cut or provided with cylindrical holes obliquely is 
adjusted in such a way that the pumping light 
emitting from the third collimator 6 is reflected by 
the reflector mirror 7 and the multiplexer 2 to be 
so admitted into the first collimator 1 . 

A hole 38f is provided between the recesses 
39a and 39b so that the pumping light as reflected 
from the reflector mirror 7 reaches the multiplexer 
2. In addition, a hole 38d is provided between the 
55 side 42a and the recess 39a for passing both the 
signal light and the pumping light so that they are 
admitted or allowed to emit from the first collimator 
1 or the third collimator 6. A hole 38e is provided 
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between the side 42c and the recess 39b for 
passing the pumping light so that it is admitted or 
allowed to emit from the first collimator or the third 
collimator. 

As shown in Fig. 7c, the block 31c is cut 5 
obliquely to the side 43b or 43d to form a recess 
39c in which the beam splitter 4 can be adhesively 
fixed. Alternatively, a cylindrical hole may be bored 
obliquely through the respective side to form the 
same recess 39c. A hole 44 is provided in the side io 
43a for passing the signal light from the optical 
isolator 3 toward the beam splitter 4. Also, the hole 
44 passes the signal light not yet be amplified 
which is to be admitted into the optical isolator 
from the second collimator 25. A hole 38g is pro- 75 
vided connecting the bottom of the hole 44 to the 
recess 39c. Further provided is a hole 38h for 
insuring that part of the signal light passing through 
the optical isolator 3 is reflected by the beam 
splitter 4 to reach the monitoring light-receiving 20 
device 29. The hole 38h also passes part of the 
signal light passing through the second collimator 
as reflected from the beam splitter 24. 

Fig. 8 is a perspective view showing the com- 
bination of frame 31a, block 31b and block 31c 25 
after the necessary optical devices are installed 
and adjusted in relative positions, followed by fixing 
the blocks in the frame to form an integral assem- 
bly by YAG laser welding or some other suitable 
method. 30 

It should be mentioned here that holes 38d, 
38e, 38f, 38g and 38h are provided simply for the 
purpose of passing the signal light and, hence, 
may be replaced by generally U-shaped grooves. 

As described above, both the optical demul- 35 
tiplexing and multiplying modules of the present 
invention are so adapted that pumping light is 
admitted into the multiplexer at incident angles of 
no more than 22.5 degrees and, hence, their de- 
pendency on polarization and wavelength can be ao 
held at consistently low levels. 

Further, signal light is not reflected within the 
housing but travels straight to be launched into or 
pass through the amplifying fiber, hence exper- 
iences small insertion loss. 45 

In the housing of the present invention, each of 
the collimators is mounted normal to the associated 
side of the housing and, hence, optical devices can 
be assembled and adjusted in the housing by 
simple procedures. 50 

The invention also provides a housing for an 
optical demultiplexing/multiplexing module having 
one frame and two blocks. Individual devices are 
assembled and adjusted in each separate block 
and the blocks thus accommodating the necessary 55 
devices are combined together within the frame to 
complete the dual module. Hence, small optical 
devices can be easily assembled and adjusted 
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within a limited space. 
Claims 

1. An optical demultiplexing module for admitting 
pumping light into a rare-earth element doped 
fiber and for passing signal light that is am- 
plified in the rare-earth element doped fiber, 
comprising: 

a square or. rectangular housing body; 

a first collimator and a second collimator 
being provided normal to opposing sides of 
said housing body, respectively; 

a third collimator being provided normal to 
a side of said housing body at right angles to 
said opposing sides; 

a multiplexer being provided on the optical 
axis of signal light which is admitted into said 
housing body from said first collimator; 

an optical isolator being provided on the 
optical axis of the light passing through said 
multiplexer; and 

a beam splitter being provided at the out- 
put end of the optical isolator, said multiplexer, 
said optical isolator and said beam splitter 
being provided in linear alignment; 

a reflector mirror being provided on the 
optical axis of the pumping light to be admitted 
into said housing body from said third collima- 
tor; 

wherein said second collimator is provided 
on the optical axis of the light passing through 
said beam splitter, said multiplexer is provided 
on the optical axis of the light to be reflected 
from said reflector mirror, and said first col- 
limator on the optical axis of the light to be 
reflected from the multiplexer, and said pump- 
ing light is admitted into said multiplexer at an 
angle of equal to or no more than 22.5 de- 
grees. 

2. An optical demultiplexing module according to 
claim 1, further comprising a monitoring light- 
receiving device which is provided in the posi- 
tion where part of the signal light as reflected 
from the beam splitter crosses a side of said 
housing body. 

3. A housing for an optical demultiplexing module 
for admitting pumping light into a rare-earth 
element doped fiber and for passing signal 
light that is amplified in the rare-earth element 
doped fiber, comprising: 

a housing body made of a single member 
in a square or rectangular, 

a first hollow portion and a second hollow 
portion which are formed from the top to the 
bottom surface in a central area of said hous- 
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ing body, said first hollow portion having a first 
inner surface formed for mounting a reflector 
mirror as it is inclined at a predetermined 
angle, said second hollow portion having a 
space into which an optical isolator is to be 5 
inserted and fixed and a second inner surface 
and a third inner surface provided for mounting 
a multiplexer and a beam splitter, respectively, 
as they are inclined at predetermined angles; 

a fourth hole being provided between said 10 
first hollow portion and said second hollow 
portion for passing both the signal light and the 
pumping light; 

a first hole and a second hole for mounting 
a first collimator and a second collimator, re- 75 
spectively, normal to said opposing sides; 

a third hole which is provided in a side of 
said housing body at right angles to said op- 
posing sides for mounting a third collimator 
normal to said side; 20 

wherein said first hole, said fourth hole and 
said second hole are provided so that the 
signal light emitting from the first collimator 
passes through the multiplexer, the optical 
isolator and the beam splitter to reach the 25 
second collimator in linear, and said first inner 
surface and said second inner surface are ad- 
justed in the angle of incidence so that the 
pumping light emitting from the third collimator 
is admitted into the first collimator by the re- 30 
fiector mirror and the multiplexer which are to 
be mounted on said first and second inner 
surfaces, respectively. 

4. A housing for an optical demultiplexing module 35 
according to claim 3, further comprising a fifth 
hole which is provided for mounting a monitor- 
ing light-receiving device in the position where 

part of the signal light as reflected from the 
beam splitter crosses a side of the housing. 40 

5. A housing for an optical demultiplexing module 
according to claim 4, wherein said first hole, 
second hole, third hole and said fifth hole are 
provided in respective sides of said housing 45 
body. 

6. A housing for an optical demultiplexing module 
according to claim 3, wherein said first hole, 
second hole and third hole are provided in 50 
respective sides of three sides of said housing 
body. 
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a housing body made of a single member 
in a square or rectangular, 

a first hollow portion and a second hollow 
portion which are formed from the top to the 
bottom surface in a central area of said hous- 
ing body, said first hollow portion having a first 
inner surface and a second inner surface 
formed for mounting a reflector mirror and a 
multiplexer, respectively, as they are inclined 
at a predetermined angle, said second hollow 
portion having a space into which an optical 
isolator is to be inserted and fixed and a third 
inner surface provided for mounting a beam 
splitter, respectively, as it is inclined at pre- 
determined angles; 

a fourth hole being provided between said 
first hollow portion and said second hollow 
portion for passing both the signal light and the 
pumping light; 

a first hole and a second hole for mounting 
a first collimator and a second collimator, re- 
spectively, normal to said opposing sides; 

a third hole which is provided in a side of 
said housing body at right angles to said op- 
posing sides for mounting a third collimator 
normal to said side; 

wherein said first hole, said fourth hole and 
said second hole are provided so that the 
signal light emitting from the first collimator 
passes through the multiplexer, the optical 
isolator and the beam splitter to reach the 
second collimator in linear, and said first inner 
surface and said second inner surface are ad- 
justed in the angle of incidence so that the 
pumping light emitting from the third collimator 
is admitted into the first collimator by the re- 
flector mirror and the multiplexer which are to 
be mounted on said first and second inner 
surfaces, respectively. 

8. A housing for an optical demultiplexing module 
according to claim 7, further comprising a fifth 
hole which is provided for mounting a monitor- 
ing light-receiving device in the position where 
part of the signal light as reflected from the 
beam splitter crosses a side of the housing. 

9. A housing for an optical demultiplexing module 
according to claim 8, wherein said first hole, 
second hole, third hole and said fifth hole are 
provided in respective sides of said housing 
body. 



7. A housing for an optical demultiplexing module 

for admitting pumping light into a rare-earth 55 
element doped fiber and for passing signal 
light that is amplified in the rare-earth element 
doped fiber, comprising: 



10. A housing for an optical demultiplexing module 
according to claim 7, wherein said first hole, 
second hole and third hole are provided in 
respective sides of three sides of said housing 
body. 
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11. An optical multiplexing module for admitting 
both pumping light and signal light into a rare- 
earth element doped fiber, comprising: 

a square or rectangular housing body; 

a first collimator and a second collimator 5 
being provided normal to opposing sides of 
said housing body, respectively; 

a third collimator being provided normal to 
a side of said housing body at right angles to 
said opposing sides; 7C 

a beam splitter being provided on the op- 
tical axis of signal light which is admitted into 
said housing body from said second collimator; 

an optical isolator being provided on the 
optical axis of the light passing through said 75 
beam splitter; 

a multiplexer being provided at the output 
end of the optical isolator, said multiplexer, 
said optical isolator and said beam splitter 
being provided in linear alignment; and 20 

a reflector mirror being provided on the 
optical axis of the pumping light to be admitted 
into said housing body from said third collima- 
tor; 

wherein said first collimator is provided on 25 
the optical axis of the light passing through 
said multiplexer, said multiplexer is provided 
on the optical axis of the light to be reflected 
from said reflector mirror, and said first col- 
limator on the optical axis of the light to be 30 
reflected from the multiplexer, and said pump- 
ing light is admitted into said multiplexer at an 
angle of equal to or no more than 22.5 de- 
grees. 

35 

12. An optical multiplexing module according to 
claim 11, further comprising a monitoring light- 
receiving device which is provided in the posi- 
tion where part of the signal light as reflected 
from the beam splitter crosses a side of said 
housing body. 

13. A housing for an optical multiplexing module 
for admitting both pumping light and signal 
light into a rare-earth element doped fiber, 
comprising: 

a housing body made of a single member 
in a square or rectangular, 

a first hollow portion and a second hollow 
portion which are formed from the top to the 
bottom surface in a central area of said hous- 
ing body, said first hollow portion having a first 
inner surface formed for mounting a reflector 
mirror as it is inclined at a predetermined 
angle, said second hollow portion having a 
space into which an optical isolator is to be 
inserted and fixed and a second inner surface 
and a third inner surface provided for mounting 



a multiplexer and a beam splitter, respectively, 
as they are inclined at predetermined angles; 

a fourth hole being provided between said 
first hollow portion and said second hollow 
portion for passing both the signal light and the 
pumping light; 

a first hole and a second hole for mounting 
a first collimator and a second collimator, re- 
spectively, normal to said opposing sides; 

a third hole which is provided in a side of 
said housing body at right angles to said op- 
posing sides for mounting a third collimator 
normal to said side; 

wherein said second hole, said fourth hole 
and said first hole are provided so that the 
signal light emitting from the second collimator 
passes through the beam splitter, the optical 
isolator and the multiplexer to reach the first 
collimator in linear, and said first inner surface 
and said second inner surface are adjusted in 
the angle of incidence so that the pumping 
light emitting from the third collimator is ad- 
mitted into the first collimator by the reflector 
mirror and the multiplexer which are to be 
mounted on said first and second inner sur- 
faces, respectively. 

14. A housing for an optical multiplexing module 
according to claim 13, further comprising a 
fifth hole which is provided for mounting a 
monitoring light-receiving device in the position 
where part of the signal light as reflected from 
the beam splitter crosses a side of the hous- 
ing. 



15. A housing for an optical multiplexing module 
for admitting both pumping light and signal 
light into a rare-earth element doped fiber, 
comprising: 

40 a housing body made of a single member 

in a square or rectangular, 

a first hollow portion and a second hollow 
portion which are formed from the top to the 
bottom surface in a central area of said hous- 
es ing body, said first hollow portion having a first 
inner surface and a second inner surface 
formed for mounting a reflector mirror and a 
multiplexer, respectively, as they are inclined 
at a predetermined angle, said second hollow 
so portion having a space into which an optical 
isolator is to be inserted and fixed and a third 
inner surface provided for mounting a beam 
splitter, respectively, as it is inclined at pre- 
determined angles; 
55 a fourth hole being provided between said 
first hollow portion and said second hollow 
portion for passing both the signal light and the 
pumping light; 
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a first hole and a second hole for mounting 
a first collimator and a second collimator, re- 
spectively, normal to said opposing sides; 

a third hole which is provided in a side of 
said housing body at right angles to said op- 5 
posing sides for mounting a third collimator 
norma! to said side; 

wherein said second hole, said fourth hole 
and said first hole are provided so that the 
signal light emitting from the second collimator io 
passes through the beam splitter, the optical 
isolator and the multiplexer to reach the first 
collimator in linear, and said first inner surface 
and said second inner surface are adjusted in 
the angle of incidence so that the pumping 75 
light emitting from the third collimator is ad- 
mitted into the first collimator by the reflector 
mirror and the multiplexer which are to be 
mounted on said first and second inner sur- 
faces, respectively. 20 

16. A housing for an optical multiplexing module 
according to claim 15, further comprising a 

fifth hole which is provided for mounting a 19. 
monitoring light-receiving device in the position 25 
where part of the signal light as reflected from 
the beam splitter crosses a side of the hous- 
ing. 

17. A housing for an optical demultiplex- 30 
ing/multiplexing module for admitting pumping 

light into a rare-earth element doped fiber and 
for allowing signal light to emit after amplifica- 
tion with the rare-earth element doped fiber, 
comprising: 35 

a first block for supporting a multiplexer 
and a reflector mirror; 

a second block for supporting an optical 
isolator and a beam splitter; and 

a frame defined by a pair of opposing first 40 
and second sides and another pair of opposing 
third and fourth sides in a square or rectangu- 
lar forme, said frame having in the central area 
a hollow portion into which said first and sec- 
ond blocks are to be inserted and fixed, and a 45 
first hole, a second hole and a third hole for 
fixing a first collimator, second collimator and a 
third collimator, respectively, 

wherein said first hole, said second hole 
and said third hole are provided in said first 50 20. 
side, said second side and said third side, 
respectively. 



18. A housing for an optical demultiplex- 
ing/multiplexing module according to claim 17, 55 
wherein said first block is defined by a pair of 
opposing fifth and sixth sides and another pair 
of seventh and eighth opposing sides in a 



square or rectangular form, said first block 
comprising; 

a first recess, which is provided in at least 
one of said sixth side and said seventh side, 
for fixing the multiplexer; 

a second recess, which is provided in at 
least one of said fifth side and said eighth side, 
for fixing the reflector mirror; 

a fourth hole provided between said first 
and second recesses so that the pumping light 
as reflected from the reflector mirror reaches 
the multiplexer; 

a fifth hole provided between said fifth side 
and said first recess for passing both the sig- 
nal light and the pumping light so that they are 
admitted or allowed to emit from the first col- 
limator or the third collimator; and 

a sixth hole provided between said sev- 
enth side and said second recess for passing 
the pumping light so that it is admitted or 
allowed to emit from the first collimator or the 
third collimator. 

A housing for an optical demultiplex- 
ing/multiplexing module according to claim 17, 
wherein said second block is defined by a pair 
of opposing ninth and tenth sides and another 
pair of opposing eleventh and twelfth sides in a 
square or rectangular form, said second block 
comprising: 

a third recess formed in at least one of 
said tenth side and the twelfth side for fixing 
the beam splitter; 

a seventh hole provided in said ninth side 
toward said tenth side for fixing the optical 
isolator; 

an eighth hole provided connecting the 
bottom of said seventh hole to said third re- 
cess for passing the signal light from the op- 
tical isolator to the beam splitter or the signal 
light from the beam splitter to the optical isola- 
tor; and 

a ninth hole provided for insuring that part 
of the signal light that passes through the 
optical isolator is reflected by the beam splitter 
or that part of the signal light coming from the 
second collimator to reach a monitoring light- 
receiving device. 

A housing for an optical demultiplex- 
ing/multiplexing module according to claim 17, 
further comprising at least one mounting hole 
for mounting a monitoring light-receiving de- 
vice, which are provided at least one of said 
third side and said fourth side. 



21. A housing for an optical demultiplex- 
ing/multiplexing module according to claim 20, 
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wherein said mounting hole is provided in at 
least one of one position where part of the 
signal light as reflected from the beam splitter 
crosses said fourth side of said frame and the 
other position where part of the signal light 5 
coming from the second collimator crosses 
said third side of the frame after it is reflected 
by the beam splitter. 
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